Objective: To assess the incidence of brain death (BD) and its medical management and adopted protocols after its diagnosis in seven pediatric intensive care units (PICUs) located in three Brazilian regions.
Introduction
Before the advent of mechanical ventilation, death was defined by the loss of circulatory, respiratory or neurological function. Nowadays, owing to the improvements in cardiorespiratory support, it is possible to maintain vital functions for long time periods, even in the absence of brain activity. This perspective raises at least two major questions:
to what extent should a patient be considered alive? and Is organ donation possible in individuals under perfusion and whose heart is still beating? 1 In an attempt to overcome this problem, a president's commission was established in the United States in 1981, which defined death as the irreversible cessation of circulatory and respiratory functions or irreversible loss of full brain function. 1, 2 Brain death (BD) is currently defined as the loss of full brain function, characterized by deep coma, apnea and lack of supraspinal reflexes. Therefore, BD according to medical and ethical aspects corresponds to the death of an individual, since the brain is essential for the whole body function. 3, 4 The diagnosis of BD is clinical. In some countries (e.g.:
United States), confirmation of BD at bedside is enough. 4 However, other countries recommend examinations that confirm the absence of electrical and metabolic functions or of cerebral flow. Electroencephalogram (EEG) is the most widely used exam in several countries. Nevertheless, this exam cannot be easily performed in the intensive care unit (ICU), due to the possible interference of artifacts with electrical activity. 4 It has been shown that 20% of patients with BD may have some EEG activity. 5 Cerebral ultrasound has a sensitivity of 90% and a specificity of 100%, and is performed on middle and vertebral cerebral arteries.
In Brazil, the National Medical Council (Conselho Federal In Brazil, the declaration of BD to organ donation teams is mandatory. 8 If donation is not possible, the physician must withdraw life support. Withdrawal of inotropic agents and of mechanical ventilation is legally supported and should be done by the intensivist after the family is contacted. 5 Even with well-defined criteria for over 2 decades, the diagnosis of BD and its subsequent management are still controversial and cause anxiety in the medical community all over the world. 6, 7, 9 Few studies have been published on BD in children. [10] [11] [12] We believe that, in Brazil, just as in other countries, medical management regarding BD is not uniform, with regional discrepancies. The aim of this study is to assess the reality of BD in Brazilian pediatric intensive care units (PICU), its incidence, adherence to the protocol established by the CFM and the management used in the PICUs of three Brazilian regions.
Methods
An observational, cross-sectional and retrospective study In 61 of 525 deaths (11.6%), the diagnosis of BD was identified in the medical records. The incidence of BD in these seven PICUs ranged from 4.5 to 24.2% (p = 0.015) ( Table 1) .
However, when we grouped and compared the deaths per region (Table 2) , we did not find any difference in the incidence of BD across the three regions (7.4, 15.3 and 12.6%; p = 0.052). According to Table 2 , the general characteristics (sex, age and number of organ failures) of this group with diagnosis of BD did not differ across the three regions. in the northeastern region (p = 0.02).
Cerebrovascular accident was the most frequent cause (31.1%) of BD, followed by post-cardiorespiratory arrest and meningoencephalitis ( Table 3) .
Out of 61 patients diagnosed with BD, only six (9.8%) were organ donors (four patients in the southern region and patients (~40% of BD in these regions), but none of them was an organ donor. In 13 (21%) patients, we found an increase in the use of inotropic agents after the diagnosis of BD, and in this case, only six patients were organ donors. In 28 patients, respiratory frequency of the ventilatory support was maintained or increased after the diagnosis, with differences across the three regions (p < 0.001) ( Table 4) .
Discussion
From the scientific and ethical point of view, BD certainly corresponds to the death of an individual. In the United
States, the criteria that define BD were published in 1981, 1 whereas in Brazil, these criteria were legally adopted in 1997. 6 The necessity to establish criteria that define BD and to legalize them aims to encourage and standardize organ donation, and allow for the removal of life support from nondonor patients in irreversible coma. 5 The concept of BD should convey the idea of what being alive or dead means, not being directly related to organ donation. d) organ donation rates were not significant.
The incidence of BD in adult ICUs in Europe and in the
United States amounts to approximately 12%, 13 which is similar to the one described in studies undertaken in PICUs of Brazil, Argentina and United States. 10, 11, 14 In this study, the overall incidence of BD (11.6%) was similar to the one described in the literature. However, when the hospitals were analyzed separately, there was a remarkable difference, which ranged from 4.5% in one hospital in the northeastern region to 24.5% in a PICU in the southeastern region, in
Brazil. This difference can be related to the characteristics of inpatients, or be related to the difficulty in establishing the diagnosis of BD due to medical or technical problems in some of these Brazilian hospitals.
13,15
The clinical confirmation of BD requires deep coma with absence of supraspinal activity and apnea secondary to an irreversible process of known etiology. 15 In Brazil, as well as The statement of BD, according to the resolution of CFM in 1997, establishes that confirmatory tests should be performed in donor and in nondonor patients, so that life support can be withdrawn. 6 In this study, we observed that 20% of patients diagnosed with BD described in the medical records were not submitted to confirmatory tests. This may be the result of the poor infrastructure for such exams in some hospitals. On the other hand, another hypothesis is the bias of the medical staff in not wanting to cease life support in this situation and, in such case, the exams would not be necessary.
After confirmation of BD, the withdrawal of life support is an ethical duty of the medical staff, since maintaining life support in these cases is not beneficial, in addition to causing suffering to the family and unnecessary expenses.
In order to avoid conflicts, the medical staff may choose to keep life support until cardiac arrest occurs "spontaneously,"
with a do-not-resuscitate order. After BD, even if all life support is maintained, cardiac arrest occurs in approximately 1 week. 1 However, there have been some cases in which these patients generated costs and took up ICU beds for nearly 2 months. 1 The question in this case is about who benefits from the delayed withdrawal of life support from an individual who is already dead. The avoidance of a "possible conflict" does not seem a plausible explanation from the ethical point of view. 7 Several studies have shown the difficulty pediatric intensivists have in discontinuing therapy in patients with BD. 6, 12 In this study, the time for withdrawal of life support after the diagnosis of BD differed across the three regions and, in some of them, it was extremely long (more than 24 h).
In the southeastern and northeastern regions, over 40% of children were kept on ventilatory support for more than 1 day.
Maintenance of life support after confirmation of BD probably results from the lack of information about the concept of BD or from unfounded legal fears.
The CFM admits that physicians have the power to cease life support after confirmation of BD, even if the family refuses it, respecting cultural and religious beliefs. 6 This behavior suggests that physicians make a distinction between BD and death.
In a study carried out in 16 Argentine PICUs, Althabe also showed the difficulty of pediatric intensivists in accepting BD as death of the patient. This was observed in 52 cases of BD, in which ventilatory support was maintained in 100% and inotropic therapy in 82% of the cases. 12 Therefore, there is much that remains to be clarified, discussed and demystified, both in the medical and lay communities.
In regard to organ donation, in this study, we noted a low incidence of donor patients -only six (9.8%), which shows the lack of involvement of medical teams in organ donation initiatives. This lack of commitment of the medical staff analyzed is worrying, since the southern and southeastern regions are the major centers for organ transplants in Brazil.
Furthermore, patients with BD secondary to head trauma were not donors in any of the hospitals analyzed, which seems to be incoherent, since head trauma is considered one of the major injuries that lead to donation. [17] [18] [19] Morris, for instance, described 40 pediatric patients with head trauma and BD, among whom over 50% were organ donors, but the main reason for nondonation was the refusal of the family to do so. 20 In the analyzed patients, we could not check whether some families were asked about organ donation or whether there was no interest in reporting the death to the organ harvest teams.
This study, as most retrospective studies on end-of-life care, has some limitations in terms of methodology. Since this study is based on data from medical records, it is not possible to rule out collection biases. In an attempt to minimize this risk, we developed a protocol with closed and objective questions. Even though we considered these possible methodological biases, we noted that the data obtained are similar to those of other studies on BD carried out in other countries. 6, 9, 19 Death-related issues are still taboo in our setting. For this reason, the discussion about data related to BD involving both children and adults and the subsequent management can be the initial step towards an in-depth discussion about ethical and moral aspects regarding end-of-life care, such as death with dignity, responsibility, and correct resource allocation for the management of terminal patients, larger diffusion of transplantation programs, physician-patientfamily relationship based on trust and honesty, and demystification of fantasies. In this study, the difficulty in establishing the diagnosis of BD and its subsequent management highlights the importance of an urgent change in behavior regarding the end-of-life care of these patients.
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